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PROBLEM TO BE SOLVED: To provide a double gate 
transistor and a method of forming the same which facilitates 
the formation of different transistors having different threshold 
voltages. 

SOLUTION: Transistors having different body widths are 
formed. By forming double gate transistors with different body 
widths, double gate transistors having different threshold 
voltages can be formed without adding excessive process 
complexity. The formation of the double gate transistors having 
different threshold voltages is implemented using a fin-type 
double gated structure. In the fin-type structure, the double 
gates are formed on each side of the body, with the body being 
disposed horizontally between the gates. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The step which is the approach of forming the transistor which has various threshold electrical 
potential differences, and prepares (a) semi-conductor substrate, (b) The step which forms two or more forms 
which have width of face on said semi-conductor substrate, (c) Carry out patterning of said semi-conductor 
substrate to the step which adjusts alternatively the width of face of at least one form using the form of the 
(d) aforementioned plurality, and two or more transistor bodies are formed. The step partially decided at least 
with the width of face of that each width of face of whose of two or more of said transistor bodies is one to 
which it corresponds of said two or more forms, (e) Each 1 st body edge of two or more of said transistor 
bodies is adjoined. The approach equipped with the step which forms the 1st gate structure of the 1st work 
function, and the step which adjoins each 2nd body edge of the transistor body of the (f) aforementioned 
plurality, and forms the 2nd gate structure of the 2nd work function. 

[Claim 2] The approach according to claim 1 said 1 st gate structure of the 1 st work function consists of p die 
materials, and said 2nd gate structure of the 2nd work function consists of n die materials. 

[Claim 3] Furthermore, the approach according to claim 1 equipped with the step which forms a source field, a 
drain field, and a halo field using (g) slanting ion implantation. 

[Claim 4] The approach according to claim 1 that the step in which said semi-conductor substrate changes 
from a SOI layer, carries out patterning of said semi-conductor substrate using said two or more forms, and 
forms two or more transistor bodies is equipped with patterning of said SOI layer. 

[Claim 5] The approach according to claim 3 by which said substrate has a horizontal plane and the source 
field and the drain field are formed at the include angle of about 70 degrees - 83 degrees to said horizontal 
plane. 

[Claim 6] The step at which said step which forms two or more forms, and said step which forms two or more 
transistor bodies using said two or more forms form a mandrel layer on said semi-conductor substrate. The 
step which carries out patterning of said mandrel layer, and forms an exposure side face. The approach 
according to claim 1 have the step which adjoins said exposure side face and forms a side-attachment-wall 
spacer, the 1 st edge of said side-attachment-wall spacer demarcates the 1 st body edge, and the 2nd edge of 
said side-attachment-wall spacer demarcates the 2nd body edge. 

[Claim 7] The step at which said step which forms two or more forms, and said step which forms two or more 
transistor bodies using said two or more forms form a mandrel layer on said semi-conductor substrate, The 
step which carries out patterning of said mandrel layer, and the step which demarcates the 1st body edge 
using said mandrel layer which carried out patterning, The approach [ equipped with the step which adjoins a 
gate ingredient layer and forms a side-attachment-wall spacer, and the step which demarcates the 2nd body 
edge using said side-attachment-wall spacer ] according to claim 1. 

[Claim 8] The step which prepares the SOI substrate which is the approach of forming two or more field- 
effect transistors which have various threshold electrical potential differences, and was equipped with the 
silicon layer on (a) embedding dielectric layer, (b) The step which carries out patterning of said mandrel layer, 
and demarcates two or more mandrel **** after forming a mandrel layer on said silicon layer, (c) Patterning of 
said silicon layer is carried out by said two or more mandrel In a step [ which forms two or more 1st 

body edges ], and 1st [ of the step which forms two or more 1st gate dielectrics on said two or more 1st body 
edges, and the (d) (e) aforementioned plurality ] gate dielectric top The step which adjoins said 1st body edge 
and forms two or more 1st gate structure of the 1st work function, (f) The step to which patterning of said 
mandrel layer is carried out, and the 1st edge of two or more of said 1st gate structures is exposed, (g) The 
step which forms two or more side-attachment-wall spacers which adjoin said 1st edge of two or more of said 
1st gate structures, and have side-attachment-wall spacer width of face, (h) Patterning of the (i) 
aforementioned silicon layer is carried out to the step which adjusts the width of face of the selected side- 
attachment-wall spacer with two or more side-attachment-wall spacers. The step to which it is the step 
which forms two or more 2nd body edges, and said 1st body edge of said silicon layer which carried out 
patterning, and said 2nd body edge have demarcated two or more transistor bodies, Q) Approach equipped with 
the step which forms two or more 2nd gate dielectrics on said two or more 2nd body edges, and the step 
which adjoins said 2nd body edge and forms two or more 2nd gate structure of the 2nd work function on the 
2nd [ of the (k) aforementioned plurality ] gate dielectric. 

[Claim 9] The approach according to claim 8 said two or more 1st gate structures of the 1st work function 



..ytran_web_cgi_ejje?u=http%3A%2F%^ 



JP.2003-163356.A [CLAIMS] 



2/2 <<—V 



consist of p mold polish recon ingredient, and said two or more 2nd gate structures of the 2nd work function 
consist of n mold polish recon ingredient. 

[Claim 10] The approach according to claim 8 said two or more 1st gate structures of the 1st work function 
consist of n mold polish recon ingredient, and said two or more 2nd gate structures of the 2nd work function 
consist of p mold polish recon ingredient. 

[Claim 11] Furthermore, the approach [ equipped with the step which performs slanting ion implantation and 
forms two or more source / drain placing fields into said transistor body into said transistor body ] according 
to claim 8. 

[Claim 12] (a) Are two or more transistor bodies formed on the substrate, and said transistor body has the 1st 
perpendicular edge which demarcates transistor body width of face respectively, and the 2nd perpendicular 
edge. Two or more transistor bodies which have the width of face whose part chosen of said two or more 
transistor bodies has been adjusted, (b) Are two or more 1 st gate structures, and each of two or more of said 
1 st gate structures adjoins one of the 1 st perpendicular edge of two or more of said transistor bodies. Two or 
more 1st gate structures in which said two or more 1st gate structures have the 1st work function, (c) Are 
two or more 2nd gate structures, and each of two or more of said 2nd gate structures adjoins one of the 2nd 
perpendicular edge of two or more of said transistor bodies. Said two or more 2nd gate structures are 
transistor groups equipped with two or more 2nd gate structures which have the 2nd work function. 
[Claim 13] The transistor group according to claim 12 to which said two or more 1st gate structures change 
from p die materials, and said two or more 2nd gate structures change from n die materials. 
[Claim 14] The transistor group according to claim 12 to which said two or more transistor bodies change from 
a semi-conductor fin. 

[Claim 1 5] The transistor group according to claim 1 2 to which said two or more transistor bodies change from 
a part of SOI layer. 

[Claim 16] The transistor group according to claim 12 to which said two or more 1st gate structures and said 
two or more 2nd gate structures change from polish recon. 

[Claim 1 7] Furthermore, the transistor group [ equipped with two or more 2nd gate dielectrics prepared 
between two or more 1st gate dielectrics prepared between the 1st perpendicular edge of said transistor body, 
and said 1st gate structure, and the 2nd perpendicular edge of said transistor body and said 2nd gate 
structure ] according to claim 12. 

[Claim 18] The transistor group according to claim 12 which said two or more transistor fins equip with the 
source ion implantation field and the drain ion implantation field. 

[Claim 19] The transistor group according to claim 12 said whose width of face of two or more of said 
transistor bodies each of said two or more 1st gate structures and two or more of said 2nd gate structures 
has die length, and is less than [ of said die length ] about 1/4 in each. 

[Claim 20] A transistor group according to claim 12 with said width of face of two or more of said transistor 
bodies wider than about 2.5nm. 

[Claim 21] It is the duplex gate transistor group in which it has the 2nd transistor equipped with the 1st 
transistor equipped with the 1st body width of face, the 1st gate, and the 2nd gate, the 2nd body width of 
face, the 1st gate, and the 2nd gate, said 1st gate has the 1st work function respectively, and said 2nd gate 
has the 2nd work function respectively. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally especially this invention relates to the approach of forming a duplex gate 

field-effect transistor about the field of semi-conductor manufacture. 

[0002] 

[Description of the Prior Art] From the need of maintaining in the condition that cost and the engine 
performance can be competed in manufacture of a semiconductor device, the device consistency of an 
integrated circuit has increased continuously. In order to make increase of this device consistency easy, the 
new technique which makes it possible to make the feature size (the minimum processing dimension) of these 
semiconductor devices reduce is needed continuously. 

[0003] Especially the pressure that it ceases [ pressure ] and increases a device consistency without ** is 
strong in a design, manufacture, etc. of a CMOS technology (FET), for example, a field-effect transistor. FET 
is used in almost ail kinds of integrated circuits (namely, a microprocessor, memory, etc.). A threshold 
electrical potential difference (Vt) is in one of the fundamental design parameters of FET. Generally the 
threshold electrical potential difference of FET is switch-on or gate voltage required for making it switch and 
turn off about the FET concerned (embracing the class of FET). When FET differs in a threshold electrical 
potential difference, operating characteristics also differ. For example, generally, its current driving force is 
large while the transistor with a low threshold electrical potential difference can operate by the RF. However, 
since the leakage current is also large, generally the transistor with a low threshold electrical potential 
difference has power consumption larger than a transistor with a high threshold electrical potential difference. 
[0004] Therefore, it is desirable to make the engine performance improve using a transistor with a low 
threshold electrical potential difference for a certain application, and to reduce non-wanted power 
consumption using a transistor with a high threshold electrical potential difference for another application. 
However, unluckily, when the body of a transistor is very thin, generally it is difficult [ it ] to produce the 
transistor from which a threshold electrical potential difference differs in the same device. 
[0005] Especially this is applied about a duplex gate field-effect transistor. At the duplex gate FET, while 
maintaining the property with which the criteria were filled by using every one a total of two gates for the both 
sides of the body, it makes it easy to carry out enlarging or contracting of the dimension of CMOS. Since the 
gate potential on a channel can be controlled good if the duplex gate is used especially, even if it does not 
lengthen gate length of a device, it becomes possible to control the current which flows a transistor good. 
Therefore, at the duplex gate FET, even if it is a big transistor, it is not necessary to increase the tooth space 
of the part corresponding to the magnitude, and the current control can be performed. 

[0006] Therefore, the device structure and its manufacture approach of the duplex gate transistor which can 
form the transistor from which a threshold electrical potential difference differs into the same device are 
searched for, without complicating a production process beyond the need. 
[0007] 

[Means for Solving the Problem] The duplex gate transistor which makes it easy that this invention forms 
various transistors which have a different threshold electrical potential difference, and its formation approach 
are offered. On the 1 st side face, the approach of forming the transistor group which consists of the step 
group shown below and which has various threshold electrical potential differences is offered. Namely, the step 
which prepares (a) semi-conductor substrate and the step which forms two or more forms which have width of 
face on the (b) aforementioned semi-conductor substrate, (c) Carry out patterning of said semi-conductor 
substrate to the step which adjusts alternatively the width of face of at least one form using the form of the 
(d) aforementioned plurality, and two or more transistor bodies are formed. The step partially decided at least 
with the width of face of that each width of face of whose of two or more of said transistor bodies is one to 
which it corresponds of said two or more forms, (e) Each 1st body edge of two or more of said transistor 
bodies is adjoined. It is with the step which forms the 1st gate structure of the 1st work function, and the step 
which adjoins each 2nd body edge of the transistor body of the (f) aforementioned plurality, and forms the 2nd 
gate structure of the 2nd work function. 

[0008] On the 2nd side face, the transistor group which consists of the component group shown below and 
which has various threshold electrical potential differences is offered. Namely, they are two or more transistor 
bodies formed on the (a) substrate. Said transistor body has the 1st perpendicular edge which demarcates 
transistor body width of face respectively, and the 2nd perpendicular edge. Two or more transistor bodies 
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which have the width of face whose part chosen of said two or more transistor bodies has been adjusted, (b) 
Are two or more 1 st gate structures, and each of two or more of said 1 st gate structures adjoins one of the 
1st perpendicular edge of two or more of said transistor bodies. Two or more 1st gate structures in which said 
two or more 1st gate structures have the 1st work function, (c) It is two or more 2nd gate structures, and 
each of two or more of said 2nd gate structures adjoins one of the 2nd perpendicular edge of two or more of 
said transistor bodies, and said two or more 2nd gate structures are with two or more 2nd gate structures 
which have the 2nd work function. 
[0009] 

[Embodiment of the Invention] This invention offers the duplex gate transistor which can form easily various 
transistors from which a threshold electrical potential difference differs, and its formation approach. With the 
operation gestalt of this invention, the transistor which has various body width of face is formed. The duplex 
gate transistor which has various threshold electrical potential differences is formed without complicating a 
formation process with the operation gestalt of this invention by forming the duplex gate transistor which has 
various body width of face. 

[0010] The duplex gate is formed in the both sides of the body arranged horizontally between the gates with 
the 1st operation gestalt of this invention. Thereby, while making gate length of a device into the minimum 
feature size, it becomes possible to make thickness of the body much thinner than gate length. Moreover, it 
also enables this to control the threshold electrical potential difference of the device obtained as a result 
good. Furthermore, it becomes possible to form various transistors which have a different threshold electrical 
potential difference, stopping to the minimum that a process and a device become complicated by this 
formation approach. 

[0011] Furthermore, this invention offers a duplex gate transistor with unsymmetrical gate doping. In this case, 
one side of the duplex gate was doped in degeneration in n mold, and another side is doped in degeneration in 
p mold. If one side of the duplex gate is doped in n mold and another side is doped in p mold, the threshold 
electrical potential difference of the device obtained as a result will improve. If the two gates are doped 
especially asymmetrically, since the body will be doped appropriately, the threshold electrical potential 
difference of the transistor obtained as a result can be made into the range in which low-battery CMOS 
actuation is attained. For example, in the case of the n mold FET, in the case of 0V-0.5V, and the p mold FET, 
the transistor which has the threshold electrical potential difference of 0V — 0.5V can be formed. 
[0012] Various conductive ingredients are equipped with the built-in electrical-and-electric-equipment 
potential (called a "work function" in many cases) of a proper. This work function has determined the relative 
affinity of the conductor to an electron (or electron hole) with external applied voltage. With a metal, a work 
function is peculiar to the matter. On the other hand, with semi-conductors, such as silicon, a work function 
can be adjusted to the value between a valence band and a conduction band by introducing the impurity which 
supplies a superfluous electron hole or a superfluous electron. At the asymmetrical type duplex gate FET of 
the suitable operation gestalt of this invention, two gate electrodes are doped with the impurity of antipole 
nature. That is, one gate was doped in n mold and the gate of another side is doped in p mold. Therefore, since 
the work functions of these two gate electrodes differ, the gate electrode (weak gate, p mold gate of the n 
mold FET) of another side has only a small affinity to a reversal carrier to one gate electrode (strong gate, n 
mold gate of the n mold FET) having a big affinity to a reversal carrier. Consequently, since a reversal channel 
is formed near the "strong" gate of the semi-conductor body, since both contribute to formation of reversal 
potential, a comparatively low threshold electrical potential difference (for example, 0V-0.5V) realizes a gate 
electrode. 

[0013] Next, dr awin g 1 is referred to. The approach 100 of forming a duplex gate transistor in dra wing 1 
according to the suitable operation gestalt of this invention is shown. An approach 100 shows how to form a 
duplex gate transistor so that the threshold electrical potential difference of a transistor can be improved, 
maintaining the dependability and simplicity of the manufacture approach. Furthermore, according to the 
approach 100, the duplex gate transistor which has various body width of face, therefore various threshold 
electrical potential differences can be formed easily. Especially, by the approach 100, the body width of face 
(called "fin width of face") of a transistor is demarcated using a side-attachment-wall spacer. By the 
approach 100, it makes it easy to change a side-attachment-wall spacer alternatively and to change the 
threshold electrical potential difference of various transistors alternatively. Therefore, according to the 
approach 100, various transistors which have a different threshold electrical potential difference can be 
formed, stopping to the minimum that a production process becomes complicated. 

[0014] At the 1st step 101 of an approach 100, a suitable semiconductor wafer is prepared, various etching 
halt layers are deposited, and a mandrel layer is deposited. With a suitable operation gestalt, the wafer to be 
used consists of a SOI (silicon on insulator) wafer. Therefore, the wafer was embedded directly under the SOI 
layer and equipped with the oxidizing zone. A SOI layer is used for forming the body of a duplex gate transistor 
so that it may become clear in the bottom. Generally, in the case of the n mold FET, it is desirable for a 
doping consistency to control the threshold electrical potential difference of a transistor to a suitable value 
using the SOI layer of p mold of 3x101 8cm-3-8x1 01 8cm-3. However, with another operation gestalt mentioned 
later, in order to make it easy that the whole body realizes a uniform doping consistency, the SOI layer is 
doped by slanting ion implantation. 

[0015] However, a non-SOI wafer may be used. Even if it is the case where a non-SOI wafer is used, unless it 
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annotates especially, the art is the same as the case of a SOI wafer. 

[0016] When a SOI wafer is prepared, a three-layer etching hart layer is formed on a wafer. As for this three- 
layer etching halt layer, it is desirable to consist of a diacid-ized silicon layer, a silicon nitride layer, and the 
2nd silicon oxidizing zone. These etching halt layers are used by all production processes, when a suitable 
etching halt layer is required. 

[0017] Subsequently, a mandrel layer is formed. As for a mandrel layer, it is desirable to constitute from an 
oxide or other suitable ingredients. The mandrel layer constitutes some side-attachment-wall image 
conversion objects which demarcate the body of a duplex gate transistor so that it may explain in full detail in 
the bottom. Therefore, a mandrel layer is used for forming the side-attachment-wall spacer used for 
demarcating the body of a transistor. With a suitable operation gestalt, the thickness of a mandrel layer is 
10nm - 100nm. However, this thickness may change according to required body thickness. 
[0018] Next, drawing 2 is referred to. The wafer section 200 after forming an etching halt layer and a mandrel 
layer is shown in drawing 2 . Since the suitable wafer section 200 of an operation gestalt consists of a SOI 
wafer, it embedded with the SOI layer 202 and is equipped with the oxidizing zone 204. On the SOI layer 202, 
the oxidizing zone 206, the nitrated case 208, and the oxidizing zone 210 are formed. These layers function as 
an etching halt layer. The mandrel layer 212 is formed on the oxidizing zone 210. 

[0019] It returns to drawing 1 . At the following step 102, after carrying out patterning of the mandrel layer, a 
side-attachment-wall spacer is formed. As a mandrel layer carries out opening of the field which forms one 
side of the duplex gate, it carries out patterning. After a side-attachment-wall spacer deposits a silicon 
nitride, it is desirable to form by performing suitable directivity etching. Of course, although a side- 
attachment-wali spacer is formed, other ingredients and approaches may be used. The thickness of a side- 
attachment-wall spacer will demarcate the body field of a duplex gate transistor using side-attachment-wall 
image conversion so that it may mention later. By adjusting this thickness alternatively, the transistor which 
has various threshold electrical potential differences can be formed now. 

[0020] Drawing 3 is referred to. The wafer section 200 after carrying out patterning of the mandrel layer 212 
to drawing 3 and forming the side-attachment-wall spacer 214 in it is shown. Here, a side-attachment-wall 
spacer will be used to demarcate the body thickness of the transistor obtained as a result using side- 
attachment-wall image conversion. 

[0021] It returns to dra win g 1 . At the following step 103, the width of face of the selected side-attachment- 
wall spacer is adjusted alternatively. Since the width of face of a side-attachment-wall spacer has demarcated 
the body width of face which influences the threshold electrical potential difference of the transistor obtained 
as a result, it can adjust the threshold electrical potential difference of the selected transistor easily by step 
103. The width of face of a side-attachment-wall spacer can be adjusted by the approach of suitable 
arbitration. For example, after covering a side-attachment-wall spacer using a suitable protective layer, 
patterning is carried out according to the selected side-attachment-wall spacer which has exposed the 
protective layer concerned. For example, deposition and patterning of the suitable photoresist layer can be 
carried out, and only the selected side-attachment-wall spacer can be exposed. And the width of face of the 
exposed side-attachment-wall spacer can be adjusted, for example, isotropic etching — short-time **** — 
by things, only the exposed side-attachment-wall spacer can be narrowed and a non-exposing side 
attachment wall can be maintained at a condition as it is. The thing of arbitration can be used if it is the 
isotropic etching which can remove the side-attachment-wall spacer section which exposed the oxide film in 
the case of this step, without removing greatly. 

[0022] Next, drawing 4 is referred to. The expansion field of the wafer section 200 which shows two or more 
side-attachment-wall spacers 214 formed in the edge which the mandrel layer 212 exposed is shown in 
drawing 4 . The transistor body for duplex gate field-effect transistors can be demarcated using each of the 
side-attachment-wall spacer 214. While exposing the side-attachment-wall spacer 214 which carried out 
deposition and patterning of the photoresist 215, and was chosen by the approach 100, the remaining side- 
attachment-wall spacer 214 remains covered with it by the photoresist 215. It enables this to adjust the width 
of face of the exposed side-attachment-wall spacer 214 to the width of face of the non-exposed side- 
attachment- wall spacer 214. For example, only the width of face of the exposed side-attachment-wall spacer 
214 can be narrowed by performing isotropic etching. 

[0023] Next, drawing 5 is referred to. The enlarged drawing of the wafer section 200 after narrowing the 
exposed side-attachment-wall spacer 214 by suitable etching is shown in drawing 5 . Here, finally body width 
of face, therefore the threshold electrical potential difference of the transistor obtained as a result are 
decided by width of face of a side-attachment-wall spacer so that it may become clear in the bottom. So, the 
body width of face of the transistor which narrowed and formed the side-attachment-wall spacer becomes 
narrower than the body width of face of the transistor formed without narrowing a side-attachment-wall 
spacer. The threshold electrical potential difference of a transistor with narrow body width of face becomes 
higher than the threshold electrical potential difference of the transistor which is not narrow as for body width 
of face. 

[0024] Next, although the body of a transistor is shown only one and step 104 - step 114 are explained, he 
should understand the point that these same steps group can be applied also to the transistor which was not 
narrowed to the transistor which narrowed body width of face, either. 

[0025] It returns to drawing 1 . After removing the remaining photoresist at the following step 104, while using 
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a side-attachment-wall spacer and the remaining mandrel ingredient for a mask and carrying out patterning of 
the etching halt layer, patterning of the SOI layer is carried out, and gate oxide is formed in the side face 
which the SOI layer exposed. As for this, it is desirable to carry out using suitable RIE (reactive ion etch: 
reactive ion etching). As for gate oxide, it is typically desirable to form by thermal oxidation of 750-800- 
degreeC. Moreover, ion implantation may be performed into the body of a transistor between this step. As for 
this, it is desirable to consist of the slanting ion implantation to the inside of the side attachment wall which 
the SOI layer exposed, and to carry out before formation of gate oxide. This functions as suitable doping to 
the body of a transistor. This slanting ion implantation is performed so that it can be useful to making dopant 
concentration into homogeneity and compensating the variation in a threshold electrical potential difference, 
so that it may explain in full detail in the bottom. 

[0026] Next, drawing 6 is referred to. Patterning of the SOI layer 202 is carried out to drawing 6 , and the 
wafer section 200 after forming gate oxide 216 in the side face of the SOI layer 202 is shown in it. Here, 
before forming gate oxide '21 6, slanting body ion implantation may be performed. 

[0027] It returns to drawing 1 . After flattening of the gate ingredient is deposited and carried out at the 
following step 106. As mentioned above, at a suitable operation gestalt, a duplex gate transistor is n+. The gate 
and p+ which were formed It has the formed gate. With the illustrated implementation approach, it is n+. The 
gate is formed previously. Next, drawing 7 is referred to. In drawing 7 , it is n+. The wafer section 200 after 
depositing and carrying out flattening of the polish recon 218 is shown. At the suitable duplex gate transistor 
of an operation gestalt, it is n+ so that it may become clear in the bottom. One gate is formed using the polish 
recon 21 8. 

[0028] At the following step 108, the mandrel layer which remains is removed alternatively. As for this, it is 
desirable to carry out by giving RIE alternatively to a mandrel layer to a nitride side-attachment-wall spacer, a 
nitride etching halt layer, and gate polish recon. Subsequently, a middle oxidizing zone is formed on a polish 
recon gate ingredient. As for this, it is desirable to grow up the thermal oxidation film and to perform it on the 
polish recon gate. Next, drawing 8 is referred to. The mandrel layer 212 is removed in drawing 8 , the oxide film 
etching halt layer 210 is removed to it, and the wafer section 200 after forming the thermal oxidation layer 220 
on the gate polish recon 218 is shown in it. After etching alternatively the nitrated case 208 directly under a 
residual mandrel layer to an oxidizing zone 220, short-time HF etching is performed. Thereby, the residual 
oxidizing zone 206 directly under a residual mandrel layer is removed. 

[0029] The exposed SOI layer is etched at the following step 110. As for this, it is desirable to carry out by 
etching a SOI layer using RIE and making it stop on an embedding oxidizing zone. Patterning of a SOI layer is 
completed by this and the body thickness of a duplex gate transistor is demarcated. Subsequently, gate oxide 
is formed in the side face which the transistor body exposed. 

[0030] Another ion implantation may be performed on the body of a transistor between this step. Here, as for 
this, it is desirable to consist of the slanting ion implantation to the inside of the side attachment wall which 
the SOI layer exposed performed before formation of gate oxide. 

[0031] Drawing 9 is referred to. The wafer section 200 after carrying out patterning of the SOI layer 202 is 
shown in drawing 9 . The residual section of the SOI layer 202 constitutes the body (the case of this example 
silicon fin) of a duplex gate transistor. On the exposed SOI layer 202, gate oxide 221 is formed of thermal 
oxidation or dielectric film deposition. 

[0032] When using a non-SOI wafer, after only the time amount corresponding to the desired depth (typically 
under the original silicon front face 100-200nm) etches a silicon fin, the whole surface is made to deposit the 
silicon oxide of the thickness of about 1/4 of the height of the etched fin on the pars-basilaris-ossis- 
occipitalis horizontal surface of etched silicon using deposition/etching process of an oxide film. In the case of 
the n mold FET, this oxide film is boron and, in the case of the p mold FET, is doped in Lynn. Out-diffusion of 
a part of dopant is carried out into the fin section very near the doped oxide film. This functions as controlling 
the leakage current produced on a front face uncontrollable by the gate of a fin from the source to a drain. 
[0033] It returns to the operation gestalt of SOI. If a important matter is mentioned, the body of a duplex gate 
transistor will be demarcated by patterning of a SOI layer. **** which generally makes body (expressed TSI) 
thickness thin as compared with gate length — being desirable . Typically, in order to control a threshold 
electrical potential difference good, body thickness should be made less than [ of gate length ] about 1/4. 
Moreover, in order to avoid that originate in a quantum ****** problem and mobility becomes small, generally 
it is desirable to make body thickness thicker than about 2.5nm. Generally, since gate length has doubled with 
minimum feature size, he can make the body subminimum feature size by using side-attachment-wall image 
conversion. Therefore, as mentioned above with supra ****, body thickness can be decided with the width of 
face of a side-attachment-wall spacer. 

[0034] At the following step 112, flattening of the gate ingredient for the 2nd gate is deposited and carried out. 
As mentioned above, with the suitable operation gestalt, the two gates are formed using the gate ingredient 
each other doped on the contrary. Therefore, at a suitable operation gestalt, it is p+. The 2nd gate of the two 
gates is formed using a mold doped polysilicon. p+ Flattening of a mold polish recon gate ingredient is n+. It is 
made to stop on the mold polish recon gate on the oxide film which carried out heat growth beforehand. p+ 
After carrying out flattening of the mold polish recon, the 2nd layer which consists of a heat growth oxide film 
is formed. Next, drawing 10 R> 0 is referred to. In drawing 10 , it is p+. Deposition and the wafer section 200 
after carrying out flattening and forming the 2nd gate are shown in the mold doped polysilicon 226. 
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Subsequently, the heat growth oxide film 228 is formed on the deposited polish recon 226. 

[0035] A side-attachment-wall spacer is removed, intrinsic polish recon is filled up with the following step 114 
into side-attachment-wall spacer opening, a production process smells later, and it enables it to form silicide 
in the field of a lever at the maximum. When the gate contact which dissociated and became independent is 
desirable as an arbitration activation matter, it may leave a side-attachment-wall spacer on that occasion. 
Subsequently, flattening of the intrinsic polish recon is carried out using CMP. This flattening is stopped on 
two layers which consist of a heat growth oxide film. This flattening does not need not much big selectivity. It 
is because the amounts of the superfluous genuineness polish recon which should be removed are very few. 
Subsequently, the heat growth oxide film exposed on the two gates is removed using the same planarizing 
process. Here, this down stream processing does not need not much big selectivity. Next, drawing 1 1 is 
referred to. The residual section of the side-attachment-wall spacer 214 is removed in drawing 1 1 , and the 
wafer section 200 after filling up the made space with the intrinsic polish recon 230 is shown in it. 
Subsequently, the wafer section 200 after a CMP process removes the superfluous polish recon 230 and the 
heat growth oxide films 220 and 220 is shown in drawing 12 . The amounts of the intrinsic polish recon 230 by 
which a side-attachment-wall spacer is left behind by this to the location currently formed from the first 
cannot but be very few. By using the intrinsic polish recon 230 of few of this amount, it sets like after a 
process flow and is p+ The mold polish recon gate and n+ The silicide bridge which connects the mold polish 
recon gate can be formed. 

[0036] While formation of the body of a transistor is completed at this time of a production process, formation 
of the gate in the both sides of the body is completed. Next, drawing 13 is referred to. The expansion field of 
the wafer section 200 is again shown in drawing 13 . Two or more transistors which can be set in this phase of 
a production process are shown in drawing 13 . Here, since the width of face of the body is narrow, the 
transistor demarcated using the narrow side-attachment-wall spacer comes to have a high threshold electrical 
potential difference. Especially the width of face of the transistor body 231 is narrower than the width of face 
of the transistor body 233. Therefore, the threshold electrical potential difference of the transistor formed 
using the transistor body 231 becomes higher than the threshold electrical potential difference of the 
transistor formed using the transistor body 233. 

[0037] It returns to an approach 100. Patterning of the gate is carried out at the following step 1 16. 
Alternative removal of the gate ingredient section which adjoins and exists in the source field and drain field of 
a transistor is included in this. After this deposits and carries out patterning of a standard lithography 
technique, i.e., the hard surface mask blank, it is desirable to perform this hard surface mask blank that carried 
out patterning using the technique used as an etching inhibition object between etching of a gate ingredient. It 
is desirable to use the hard surface mask blank which changes from the same nitride as the etching halt layer 
formed in a body top to this hard surface mask blank. 

[0038] Next, drawjng J4 is referred to. The single transistor formed in the wafer section 200 is shown in 
drawing 14 as a perspective-projection Fig. n+ The mold gate polish recon 218 and p+ The hard surface mask 
blank 232 which consists of the nitride extended ranging over the two gates which consist of the mold gate 
polish recon 226 is formed. Next, draw in g 1 5 is referred to. Etching which has selectivity to a hard surface 
mask blank is used for drawing 15 , and they are n+ mold gate polish recon 218 and p+. The wafer section 200 
after carrying out patterning of the mold gate polish recon 226 is shown. It is desirable to remove all gate 
polish recons until this patterning results in the embedding oxidizing zone 204. As for patterning of the gate, it 
is desirable to carry out using directivity etching which has selectivity to a nitride. Therefore, the part of the 
SOI body 202 protected in the formed nitride etching halt layer 208 by this patterning is not removed. 
Moreover, n+ which has demarcated the two gates of a duplex gate transistor by this patterning The mold 
polish recon 218 and p+ The part of the mold polish recon 226 is saved. 

[0039] With a suitable operation gestalt, an oxide film is grown up into the whole silicon front face which 
performed heat reoxidation and was exposed, after performing buffer HF washing. It is desirable to form the 
thin film of 5nm thickness so that this may form a good interface in the contact section of the gate and the 
body. 

[0040] At the next step 118 of an approach 100, the source, a drain, and each ion implantation field of a halo 
are formed into a transistor. As for these ion implantation, it is desirable to carry out from at least 4 directions 
and to enable it to form a uniform ion implantation field in the both sides of a fin. Especially the both sides of a 
source placing field and a drain placing field carry out from the both sides of the source section of a fin, and 
the drain section. Subsequently, another ion implantation is performed at another placing energy and an 
another include angle, and the halo placing field which improves a short channel effect is formed. The dopant 
which forms a halo placing field is bigger energy than the case of the source/drain, and performs halo placing 
at a sharper include angle to a fin so that it may enter deeply by the bottom of a gate electrode rather than 
the dopant which forms the source/drain. In the case of the n mold FET, the source / drain placing uses an 
arsenic and is performed at the energy of 1-15keV, and 5x1014 to 2x1 01 5cm - the dose of 3 and the include 
angle of 45 degrees - 80 degrees to a fin, and halo placing uses boron, and it is usually performed so that the 
energy of 5-15keV, the dose of 1x1 01 3-8x101 3cm-3, and a halo may be located in 20 degrees - 45 degrees to 
a fin. Similarly in the case of the p mold FET, usually the source / drain placing Boron is used and it carries 
out at the energy of 0.5-3keV, and 5x1014 to 2x1 01 5cm - the dose of 3 and the include angle of 45 degrees - 
80 degrees to a fin. Halo placing An arsenic is used, and it carries out so that the energy of 20-45keV, the 
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dose of 1x1013-8x1013cm-3. and a halo may be located in 20 degrees - 45 degrees to a fin. Furthermore, all 
the ion implantation mentioned above needs to occur among about 70 degrees - 83 degrees from the 
horizontal plane of a suitable include angle, i.e.. a wafer, from the horizontal plane of a wafer. 
[0041] At the following step 120, a dielectric thicker than the height which added the gate electrode and the 
hard surface mask blank on BOX is made to deposit, flattening of a gate electrode and the exposed whole fin 
is covered and carried out, and although some of hard surface mask blanks and gate electrodes are exposed, 
the source/drain is hollowed to the never exposed condition (usually 10-50nm). This step is a part of side- 
attachment-wall spacer formation process to the edge of the gate of a transistor so that it may become clear 
in the bottom. As for the dielectric used here, it is desirable to consist of the oxide film which can be 
alternatively etched to the hard surface mask blank which consists of a formed nitride. Next, drawing 16 is 
referred to. The gate electrode of a transistor is surrounded in dra^jngJMB R> 6, and the wafer section 200 
after making it deposit, carrying out flattening of the dielectric 240 and hollowing it is shown in it. As for this 
dielectric, it is desirable to make it become depressed using directivity etching which has selectivity to the 
hard surface mask blank 232 which consists of a formed nitride. 

[0042] At the following step 122, a deposited dielectric is etched, after forming a side-attachment-wall spacer 
in the edge of the gate. After this deposits dielectric materials in a substrate configuration faithfully, it is 
desirable to carry out by performing directivity etching. As for this side-attachment-wall spacer, forming by 
the nitride is desirable. The side-attachment-wall spacer of this nitride can be used as a mask of directivity 
etching with the hard surface mask blank of a nitride. Consequently, a [ near the gate ] oxide film is removable. 

[0043] Next, drawing 17 is referred to. The side-attachment-wall spacer 242 which consists of a nitride is 
formed in drawing 1 7 , etching removal of the dielectric 240 is carried out, and the ******** wafer section 200 
is shown only in the side-attachment-wall section 244 which adjoins the gate of a transistor, a hard surface 
mask blank 232, the side-attachment-wall spacer 242, and the side-attachment-wall section 244 — ****** - 
- the gate is effectively separated from the source contact formed in a degree, and drain contact. 
[0044] Source contact and drain contact are formed at the following step 124. As for this, it is desirable to 
carry out by filling up a field [ finishing / removal ] with a contact ingredient. As a contact ingredient, it is n+. 
Mold silicon and/or p+ What deposited alternatively conductive ingredients, such as mold silicon, silicon which 
forms low resistance contact, and a tungsten, can be used. ("A and/or B" express A, and "B, A or B".) It is 
[ as opposed to / when using silicon / the n mold FET ] n+. To the p mold FET, it is p+ to a mold. It dopes 
respectively in degeneration in a mold. Flattening of the contact ingredient is carried out after depositing until 
it becomes higher than the height of the hard surface mask blank which consists of a nitride until the hard 
surface mask blank which consists of a nitride by RIE and/or CMP (chemical-mechanical polish) is completely 
exposed. Subsequently, as shown in drawing 18 , patterning of the wafer is carried out using a mask. This mask 
uses two or more FET for dissociating mutually while it etches the part for which it is not asked [ of a source 
contact ingredient and a drain contact ingredient ] and separates the source and a drain. Finally, a hard 
surface mask blank is alternatively removed by other etching techniques, such as RIE or a heat phosphoric 
acid. Then, after depositing metals, such as cobalt and titanium, a sinter is carried out by about 700-degreeC, 
and metal silicide is formed on the gate. In silicon contact, metal silicide is formed also source contact and 
after drain contact. 

[0045] As mentioned above, according to the approach 100, the formation approach of the duplex gate 
transistor which can make gate length of a device the minimum feature size is acquired, making thickness of 
the body much thinner than gate length. Furthermore, according to the approach 100, the duplex gate 
transistor of the dope for un-which doped one side of the duplex gate in degeneration in n mold, and doped 
another side in degeneration in p mold is obtained. If one gate is doped in n mold and the gate of another side 
is doped in p mold, the threshold electrical potential difference of the device obtained as a result will be 
improved. According to the approach 100, the duplex gate transistor of various threshold electrical potential 
differences can be formed in the last by 1 time of the production process. Moreover, the transistor which has 
various body thickness is formed with the operation gestalt of this invention. It becomes possible to form the 
duplex gate transistor which has various threshold electrical potential differences, without complicating a 
production process so much by forming the duplex gate transistor of various body thickness according to the 
suitable operation gestalt. 

[0046] Next, drawing 1 9 is referred to. The approach 300 of another suitable operation gestalt is shown in 
drawing 19 . There is an advantage that the corrosion of the side-attachment-wall spacer used for 
demarcating the body of a transistor can be managed with the minimum in this approach 300. By the approach 
300, it is because the pan of the above-mentioned side-attachment-wal! spacer is only once carried out to 
RIE (reactive ion etching: reactive ion etching). Therefore, the etching cross-section configuration of the 
silicon obtained according to this operation gestalt was controlled very good. At step 301, a wafer is prepared 
and an etching halt layer and a mandrel layer as well as step 101 of the approach 100 mentioned above are 
formed. Subsequently, at step 302, patterning of the mandrel layer is carried out and an etching halt layer is 
etched directly. This differs from an approach 100 in that the side-attachment-wall spacer is not formed in a 
mandrel layer before carrying out patterning of the etching halt layer. Next, drawing,20 is referred to. An 
etching halt layer and a mandrel layer are formed in drawing 20 , and the wafer section 200 after etching a 
mandrel layer and an etching halt layer directly is shown in it. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



06/04/26 



JP.2003-163356.A [DETAILED DESCRIPTION] 



7/10 v 



[0047] At the following step 304. patterning of the SOI layer is carried out by using a residual mandrel layer as 
a mask and gate oxide is formed in the exposure side face of a SOI layer. After this gives RIE, CVD deposition 
of high dielectric constant (high-k) ingredients, such as thermal oxidation by 75O-degreeC-80O-degreeC or an 
aluminum oxide, performs it typically. Moreover, ion implantation may be performed into the body of a 
transistor between this step. As for this, it is desirable to consist of the slanting ion implantation to the inside 
of the exposure side face of the SOI layer before gate oxide formation. It functions as this ion implantation 
doping the body of a transistor appropriately. This ion implantation can be used for compensating the variation 
in the threshold electrical potential difference which is that of **** **, originates in BARATSUGI of body 
thickness and produces uniform dopant concentration distribution so that it may explain in full detail in the 
bottom. 

[0048] Next, drawin g 21 is referred to. Patterning of the SOI layer 202 is carried out to drawing 21 , and the 
wafer section 200 after forming gate oxide 216 in the side face of the SOI layer 202 is shown in it. Here, 
before forming gate oxide, slanting body ion implantation may be performed. 

[0049] It returns to drawing 19 . At the following step 306. a gate ingredient is made to deposit and flattening 
is carried out. As mentioned above, at a suitable operation gestalt, a duplex gate transistor is n+. While formed 
in the mold and it is [ the gate and ] p+. It has the gate of another side formed in the mold. At the operation 
gestalt to illustrate, it is n+. The mold gate is formed previously. Next, dra wing 22 is referred to. drawing 2222 
— n+ The wafer section 200 after making the mold polish recon 21 8 deposit and carrying out flattening is 
shown. At the suitable operation gestalt of a duplex gate transistor, it is this n+ so that it may become clear in 
the bottom. The mold polish recon 218 is used and one side of the two gates is formed. 

[0050] At the following step 308, an extant mandrel ingredient is removed and a side-attachment-wall spacer 
is formed along the edge of the extant 1st gate ingredient. This side-attachment-wall spacer determines the 
width of face of the body of a transistor so that it may become clear in the bottom. Next, drawing 23 is 
referred to. The mandrel layer 212 is removed in drawing 23 R> 3, and the wafer section 202 after forming the 
side-attachment-wall spacer 302 in the side attachment wall of the 1st gate ingredient is shown in it. 
[0051] It returns to drawing 19 . At the following step 309, the width of face of the selected side-attachment- 
wall spacer is adjusted alternatively. As mentioned above, the threshold electrical potential difference of the 
transistor obtained as a result is changed with the width of face of the transistor body. With the suitable 
operation gestalt, the width of face of the selected side-attachment-wall spacer is changed, and various 
transistors which have body width of face which is different by 1 time of the production process, therefore a 
different threshold electrical potential difference are made to be obtained. The width of face of a side- 
attachment-wall spacer can be adjusted by the suitable approach of arbitration like the case of an approach 
100. For example, after covering a side attachment wall by the suitable protective layer, the side attachment 
wall which carried out patterning of the protective layer and chose it is exposed. For example, after making a 
suitable photoresist deposit, only the chosen side-attachment-wall spacer which carried out patterning is 
exposed. And the width of face of the exposed side-attachment-wall spacer is adjusted. For example, only 
short-time ****** and the exposed side-attachment-wall spacer are narrowed, and a non-exposed side- 
attachment-wall spacer changes isotropic etching into a condition as it is. If it is the isotropic etching which 
removes some side-attachment-wall spacers which exposed the oxide film, without seldom removing, the thing 
of arbitration is applicable to these steps. 

[0052] Next, drawing 24 is referred to. The expansion field of the wafer section 200 after forming two or more 
side-attachment-wall spacers 214 in the edge which the gate ingredient 218 exposed is shown in drawing 24 . 
Each side-attachment-wall spacer 214 will be used for demarcating the transistor body for duplex gate field- 
effect transistors. If depended approach 300, the chosen side-attachment-wall spacer 214 on which the layer 
of a photoresist 215 was made to deposit and which carried out after patterning will be exposed, and other 
side-attachment-wall spacers will be kept covered by the photoresist 21 5. Thereby, the width of face of the 
exposed side-attachment-wall spacer can be adjusted compared with the width of face of the non-exposed 
side-attachment-wall spacer 214. For example, isotropic etching can be performed and only the exposed side- 
attachment-wal! spacer 214 can be narrowed alternatively. 

[0053] Next, drawing 25 is referred to. The expansion field of the wafer section 200 after narrowing the 
exposed side-attachment-wall spacer 214 using suitable etching is shown in drawing 25 . Here, finally the 
width of face of a side-attachment-wall spacer determines the body width of face, therefore the threshold 
electrical potential difference of the transistor obtained as a result so that it may become clear in the bottom. 
Therefore, the body of the transistor formed using the narrowed side-attachment-wall spacer is narrower than 
the transistor formed using the side-attachment-wall spacer which is not narrowed. The threshold electrical 
potential difference of the transistor which narrowed the body becomes higher than the transistor which is not 
narrowing the body. 

[0054] It returns to an approach 300. Although it explains hereafter while the remaining steps 310-326 are 
shown only using the one transistor body, he should understand the point that the same step group as the 
both sides of the transistor which narrowed body width of face, and the transistor which did not narrow body 
width of face can be applied also here. At the following step 310, after forming a middle oxide film on a gate 
ingredient, patterning of the SOI layer is carried out. 

[0055] Next, drawing 26 is referred to. The wafer section 200 after forming the thermal oxidation layer 220 on 
the gate polish recon 218 is shown in drawing 26 . The nitrated case 208 directly under a residua! mandrel 
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layer is alternatively etched to an oxide film 220. Then, short-time HF etching removes the residual oxidizing 
zone 206 directly under a residual mandrel layer. 

[0056] As for a SOI layer, it is desirable to carry out patterning using RIE which can etch a SOI layer, and to 
stop on an embedding oxidizing zone. Thereby, patterning of a SOI layer is completed and the thickness of the 
body of a duplex gate transistor is demarcated. Subsequently, gate oxide is formed in the side face which the 
transistor body exposed. Here, ion implantation may be performed into the transistor body between this step. 
As for this, it is desirable to consist of the slanting ion implantation to the inside of the side attachment wall 
which the SOI layer before gate oxide formation exposed also here. 

[0057] Next, drawing 27 is referred to. The wafer section 200 after carrying out patterning of the SOI layer 
202 is shown in drawing 27 . The residual part of the SOI layer 202 constitutes the body of a duplex gate 
transistor. The width of face of the body is decided by width of face of the side-attachment-wall spacer 214 
used for demarcating it. Therefore, the transistor which has various body width of face can be formed by 
changing alternatively the width of face of a side-attachment-wall spacer. Subsequently, gate oxide 221 is 
formed on the exposed SOI layer 202 by thermal oxidation or dielectric film deposition. 

[0058] At the following step 312, flattening of the gate ingredient for the 2nd gate is deposited and carried out. 
As mentioned above, with a suitable operation gestalt, the two gates are formed using two gate ingredients 
each other doped on the contrary. Therefore, with a suitable operation gestalt, the 2nd gate of the two gates 
is formed using the polish recon doped in p+ mold. p+ Flattening of mold polish recon is n+. It is made to stop 
on the heat growth oxide film formed in a mold polish recon gate top. p+ After carrying out flattening of the 
mold polish recon, the 2nd layer which consists of a heat growth oxide film is formed. Next, drawing 28 is 
referred to. In drawing 28 , it is p+. Deposition and the wafer section 200 after carrying out flattening and 
forming the 2nd gate are shown in mold polish recon. Subsequently, the heat growth oxide film 228 is formed 
on the deposited polish recon 226. 

[0059] A side-attachment-wall spacer is removed, intrinsic polish recon is filled up with the following step 314 
into side-attachment-wall spacer opening, a production process smells later, and it enables it to form silicide 
in the field of a lever at the maximum. When the gate contact which dissociated and became independent is 
desirable as an arbitration activation matter, it may leave a side-attachment-wall spacer as it is. 
Subsequently, flattening of the intrinsic polish recon is carried out using a CMP process. This flattening is 
stopped on two layers which consist of a heat growth oxide film. Since the amounts of the intrinsic polish 
recon which should be removed are very few, they do not need selectivity with this advanced planarizing 
process. Subsequently, the heat growth oxide film exposed on the two gates is removed using the same 
planarizing process. Here, advanced selectivity is not needed in this down stream processing. Next, drawing. 29 
is referred to. After removing the residual part of the side-attachment-wall spacer 302, the wafer section 200 
after filling up dead air space with the intrinsic polish recon 230 is shown in drawing 29 . And the wafer 200 
after a CMP process removes the superfluous polish recon 230 and the heat growth oxide films 220 and 228 is 
shown in drawing 30 . By this, only few [ the intrinsic polish recon 230 ] parts will be left behind to the location 
in which the side-attachment-wall spacer was formed from the first. In the part after a process flow, this part 
of the intrinsic polish recon 230 is used, and it is p+. The mold polish recon gate and n+ It becomes possible to 
form the silicide bridge which connects the mold polish recon gate. 

[0060] At this time of a production process, the body of a transistor is already formed, and the gate is 
formation ending at the both sides of the body. To a degree Drawing 31 is referred to. The enlarged drawing of 
the wafer 200 at this time is shown in drawing 31 . Two or more transistors which can be set at this time of a 
production process are shown in drawing 31 . Here, since the transistor demarcated using the narrowed side- 
attachment-wall spacer has the narrow body, it will have a high threshold electrical potential difference. 
Especially the transistor body 231 is narrower than the transistor body 233. Therefore, a threshold electrical 
potential difference becomes high rather than the transistor which forms the transistor formed using the 
transistor body 231 using the transistor body 233. 

[0061] It returns to an approach 300. Steps 316-326 which remain are the same as steps 116-126 mentioned 
above about the approach 100. The approach 300 is equipped with the formation process of the duplex gate 
transistor which makes it possible to maintain the gate length of a device at the minimum feature size, making 
it possible to make thickness of the body much thinner than gate length like an approach 100. Furthermore, 
according to the approach 300, one side of the duplex gate is doped by n mold in degeneration, and the duplex 
gate transistor with unsymmetrical gate doping with which another side is doped by p mold in degeneration is 
obtained. If one gate is doped in n mold and the gate of another side is doped in p mold, the threshold 
electrical potential difference of the device obtained as a result will improve. According to the approach 300, 
the duplex gate transistor which has various threshold electrical potential differences by 1 time of the 
production process can be formed in the last. There is further advantage in an approach 300. That is, by the 
approach 300, since the pan of the side-attachment-wall spacer has been carried out to RIE only once 
[ only ], the corrosion of the side-attachment-wall spacer used for demarcating the transistor body can be 
suppressed to the minimum. Therefore, the etching cross-section configuration of the silicon by this operation 
gestalt was being controlled very good. 

[0062] As mentioned above, this invention offers the duplex gate transistor which attains the improved device 
engine performance and a consistency, and its formation approach. With the suitable operation gestalt of this 
invention, the duplex gate transistor which doped the gate asymmetrically is obtained. In this case, one side of 
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the duplex gate is doped by n mold in degeneration, and another side is doped by p mold in degeneration. If one 
gate is doped in n mold and the gate of another side is doped in p mold, the threshold electrical potential 
difference of the device obtained as a result will be improved. If the two gates are doped especially 
asymmetrically, the threshold electrical potential difference of the transistor conjointly obtained as a result 
with suitable doping to the body will become the value of the range in which low-battery CMOS actuation is 
possible. 

[0063] Moreover, this invention offers the duplex gate transistor which makes easy formation of various 
transistors which have a different threshold electrical potential difference, and its formation approach. With 
the operation gestalt of this invention, the transistor which has various body width of face is formed. The 
duplex gate transistor which has various threshold electrical potential differences can be formed without 
complicating a production process not much by forming the duplex gate transistor which has various body 
width of face according to the suitable operation gestalt. 

[0064] Also although especially this invention is shown about the typical operation gestalt using a fin mold 
duplex gate field-effect transistor, and it explains and it excels, a suitable operation gestalt can be applied to 
the duplex gate transistor of other molds, and can change the detail of the implementation approach among 
the main object of this invention, and the range so that this contractor can recognize. For example, this 
invention is applicable to various separation technology (for example, LOCOS, ROX [recessed oxide], etc.), the 
technique of various wells and substrates, various dopant molds, various energy, and various dopant kinds so 
that this contractor can understand easily. Moreover, the main object of this invention is applicable to other 
semiconductor technology (for example, BiCMOS, bipolar **SOI [silicon on insulator], SiGe [silicon 
germanium], etc.) so that this contractor can understand easily. 
[0065] The following matters are indicated as a conclusion. 

(1) The step which is the approach of forming the transistor which has various threshold electrical potential 
differences, and prepares (a) semi-conductor substrate, (b) The step which forms two or more forms which 
have width of face on said semi-conductor substrate, (c) Carry out patterning of said semi-conductor 
substrate to the step which adjusts alternatively the width of face of at least one form using the form of the 
(d) aforementioned plurality, and two or more transistor bodies are formed. The step partially decided at least 
with the width of face of that each width of face of whose of two or more of said transistor bodies is one to 
which it corresponds of said two or more forms, (e) Each 1 st body edge of two or more of said transistor 
bodies is adjoined. The approach equipped with the step which forms the 1st gate structure of the 1st work 
function, and the step which adjoins each 2nd body edge of the transistor body of the (f) aforementioned 
plurality, and forms the 2nd gate structure of the 2nd work function. 

(2) An approach given in the above (1) from which said 1st gate structure of the 1st work function consists of 
p die materials, and said 2nd gate structure of the 2nd work function consists of n die materials. 

(3) Approach given in the above (1) further equipped with the step which forms a source field, a drain field, and 
a halo field using (g) slanting ion implantation. 

(4) An approach given in the above (1) whose step in which said semi-conductor substrate changes from a SOI 
layer, carries out patterning of said semi-conductor substrate using said two or more forms, and forms two or 
more transistor bodies is equipped with patterning of said SOI layer. 

(5) An approach given in the above (3) in which said substrate has a horizontal plane and the source field and 
the drain field are formed at the include angle of about 70 degrees - 83 degrees to said horizontal plane. 

(6) The step at which said step which forms two or more forms, and said step which forms two or more 
transistor bodies using said two or more forms form a mandrel layer on said semi-conductor substrate. The 
step which carries out patterning of said mandrel layer, and forms an exposure side face. An approach given in 
the above (1) whose 2nd edge of said side-attachment-wall spacer have the step which adjoins said exposure 
side face and forms a side-attachment-wall spacer, the 1st edge of said side-attachment-wall spacer 
demarcates the 1st body edge, and demarcates the 2nd body edge. 

(7) The step at which said step which forms two or more forms, and said step which forms two or more 
transistor bodies using said two or more forms form a mandrel layer on said semi-conductor substrate, The 
step which carries out patterning of said mandrel layer, and the step which demarcates the 1st body edge 
using said mandrel layer which carried out patterning, An approach given in the above (1) equipped with the 
step which adjoins a gate ingredient layer and forms a side-attachment-wall spacer, and the step which 
demarcates the 2nd body edge using said side-attachment-wall spacer. 

(8) The step which prepares the SOI substrate which is the approach of forming two or more field-effect 
transistors which have various threshold electrical potential differences, and was equipped with the silicon 
layer on (a) embedding dielectric layer, (b) The step which carries out patterning of said mandrel layer, and 
demarcates two or more mandrel **** after forming a mandrel layer on said silicon layer, (c) Patterning of said 
silicon layer is carried out by said two or more mandrel ****. In a step [ which forms two or more 1st body 
edges ], and 1st [ of the step which forms two or more 1st gate dielectrics on said two or more 1st body 
edges, and the (d) (e) aforementioned plurality ] gate dielectric top The step which adjoins said 1st body edge 
and forms two or more 1st gate structure of the 1st work function, (f) The step to which patterning of said 
mandrel layer is carried out, and the 1st edge of two or more of said 1st gate structures is exposed, (g) The 
step which forms two or more side-attachment-wall spacers which adjoin said 1st edge of two or more of said 
1st gate structures, and have side-attachment-wall spacer width of face, (h) Patterning of the (i) 
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aforementioned silicon layer is carried out to the step which adjusts the width of face of the selected side- 
attachment-wall spacer with two or more side-attachment-wall spacers. The step to which it is the step 
which forms two or more 2nd body edges, and said 1 st body edge of said silicon layer which carried out 
patterning, and said 2nd body edge have demarcated two or more transistor bodies, 0) Approach equipped with 
the step which forms two or more 2nd gate dielectrics on said two or more 2nd body edges, and the step 
which adjoins said 2nd body edge and forms two or more 2nd gate structure of the 2nd work function on the 
2nd [ of the (k) aforementioned plurality ] gate dielectric. 

(9) An approach given in the above (8) from which said two or more 1st gate structures of the 1st work 
function consist of p mold polish recon ingredient, and said two or more 2nd gate structures of the 2nd work 
function consist of n mold polish recon ingredient. 

(10) An approach given in the above (8) from which said two or more 1st gate structures of the 1st work 
function consist of n mold polish recon ingredient, and said two or more 2nd gate structures of the 2nd work 
function consist of p mold polish recon ingredient. 

(11) Approach given in the above (8) equipped with the step which performs slanting ion implantation and 
forms two or more source / drain placing fields into said transistor body into said transistor body further. 
(12) 

(a) Are two or more transistor bodies formed on the substrate, and said transistor body has the 1 st 
perpendicular edge which demarcates transistor body width of face respectively, and the 2nd perpendicular 
edge. Two or more transistor bodies which have the width of face whose part chosen of said two or more 
transistor bodies has been adjusted, (b) Are two or more 1st gate structures, and each of two or more of said 
1st gate structures adjoins one of the 1st perpendicular edge of two or more of said transistor bodies. Two or 
more 1st gate structures in which said two or more 1st gate structures have the 1st work function, (c) Are 
two or more 2nd gate structures, and each of two or more of said 2nd gate structures adjoins one of the 2nd 
perpendicular edge of two or more of said transistor bodies. Said two or more 2nd gate structures are 
transistor groups equipped with two or more 2nd gate structures which have the 2nd work function. 

(13) A transistor group given in the above (12) from which said two or more 1st gate structures consist of p 
die materials, and said two or more 2nd gate structures consist of n die materials. 

(14) A transistor group given in the above (12) from which said two or more transistor bodies consist of a 
semi-conductor fin. 

(15) A transistor group given in the above (12) from which said two or more transistor bodies consist of a part 
of SOI layer. 

(16) A transistor group given in the above (12) from which said two or more 1st gate structures and said two 
or more 2nd gate structures consist of polish recon. 

(17) Transistor group given in the above (12) equipped with two or more 2nd gate dielectrics further prepared 
between two or more 1st gate dielectrics prepared between the 1st perpendicular edge of said transistor body, 
and said 1st gate structure, and the 2nd perpendicular edge of said transistor body and said 2nd gate 
structure. 

(18) A transistor group given in the above (12) said two or more transistor fins of whose are equipped with the 
source ion implantation field and the drain ion implantation field. 

(19) A transistor group given in the above (12) said whose width of face of two or more of said transistor 
bodies each of said two or more 1st gate structures and two or more of said 2nd gate structures has die 
length, and is less than [ of said die length ] about 1/4 in each. 

(20) A transistor group given [ with said width of face of two or more of said transistor bodies wider than 
about 2.5nm ] in the above (12). 

1 (21) It is the duplex gate transistor group in which it has the 2nd transistor equipped with the 1st transistor 
equipped with the 1st body width of face, the 1st gate, and the 2nd gate, the 2nd body width of face, the 1st 
gate, and the 2nd gate, said 1st gate has the 1st work function respectively, and said 2nd gate has the 2nd 
work function respectively. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



06/04/26 



JP.2003-163356.A [DESCRIPTION OF DRAWINGS] 



1/2 ><— v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] ******** which shows the flow chart which shows the 1 st manufacture approach. 
[Drawing 2] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 3] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 4] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 5] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 6] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 7] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 8] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 9] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing JO] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 11] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 12] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[ Drawing 1 3] It is the sectional side elevation of the typical duplex gate transistor under manufacture. 
[Drawing 14] It is the perspective drawing of the typical duplex gate transistor under manufacture. 
[Drawing 15] It is the perspective drawing of the typical duplex gate transistor under manufacture. 
[Drawing 16] It is the perspective drawing of the typical duplex gate transistor under manufacture. 
[Drawing 17] It is the perspective drawing of the typical duplex gate transistor under manufacture. 
[Drawing 18] It is the perspective drawing of the typical duplex gate transistor under manufacture. 
[Drawing 19] It is drawing showing the flow chart which shows the 2nd manufacture approach. 
[Drawing 20] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 21] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[P.ramng..22] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 23] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 24] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Draw'Hg 25] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 26] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 27] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 28] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 29] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 30] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Drawing 31] It is the sectional side elevation of the 2nd typical duplex gate transistor under manufacture. 
[Description of Notations] 
100 Approach 
200 Wafer Section 
202 SOI Layer 

204 Embedding Oxidizing Zone 
206 Oxidizing Zone 
208 Nitrated Case 
210 Oxidizing Zone 
212 Mandrel Layer 

214 Side-Attachment-Wall Spacer 

215 Photoresist 

216 Gate Oxide 

218 N+ Polish Recon 

220 Thermal Oxidation Layer 

226 P+ Polish Recon 

228 Heat Growth Oxide Film 

230 Intrinsic Polish Recon 

231 Transistor Body 

232 Hard Surface Mask Blank 

233 Transistor Body 
240 Dielectric 
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242 Side-Attachment-Wall Spacer 
300 Approach 

302 Side-Attachment-Wall Spacer 
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^^t^•T:L^-&o ccott*pjisii, nspEPtomEttt 

itn^zm&tz^mtozmAt&ztizki). 
WL^mn^ t B.m^<r>m<j)mizmmT ^ c t *<r- 

TT-14. 2^0>y- httfl£K*M&a>?Mto'C k— ^ 
L,T^-i>» -tnf+J*., -^COy*-K^n^|- K-^L. 
flfe^coy— h^pSI- K— ^UM. Lf:A<7t. C 

*i&2-3©y— h«a©tt*Haiti»*ftA x &» -^co 

y— (Sil^y— K nSF ETCOn^y— h) A< 
Sfs^A' UTI-« LT^^^^S3*l^ : ir-ri.C0l->PiL 
T, ■tfe^COy-hSffi (Pl^y-h. niFET©pI 
y— ltfx$i**')7\zttLT>I^U%l%itiLfrm£ 
Ui^ ZOifem. ^3K*^y-<C0 ^^L^j y— KDiftft 
ICJSK^A' ^;u*<fl$JiE$*i-5>cor'. y— hSSliP^.!: 
t Sli^K ^ > -> ^ ;bC0^^HS4-"r b , hfcgtWISL^ 
L#l^fE (frt^liO V~0. 5V) -S „ 

[ooi 3] jfei-. ii 1 %&m?&o mi i-i*. *fgB^ 

tO#ilfc|gfi£JBjg(=«EoT-sy— K • 

fl^fiE-f'&^Ji 1 O Otf^S+iTl^. 10 014, IS 
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1 OOlZcfcftI*. 1f*tt#f r <rll. Lfci^t^^L 
#LMME£**rS— ay— K • K7>yX$fiIC 

*Sfcl 0 0T*I4. 
-9-£ffli*T. K5>^^co^ir-f M ( r^>r > 
Mj fcti*tf*L*) HSLtMc ^;£10 0T*I±, 

SO) *«/J*HKfl>*. «£5 L#lMi«E£ 

[0014] sai o ocdmi x-r^i o 1 -ei*. a 

14. Sfflt^0x~/\[j:SO I (silicon on insulato 
r) Ox — LfctfoT, "Ji-AliSOI 

fc4«fc?l^ SO I HI*, -m^f — h • K7>vX£<£> 

K-t°>^I^3 x 1 o18 cm -3~ 8 x 1 018 
cm-30)pgOSOIl$ffiL^, h7>vX$0L# 
^a«E*a«ttai-*W**<B#a*Ll*. L^Lfc 

[0 0 15] LfrL£#£. 3ES O I Ox — /\*ffll*T 
tcfet^o IfSO I Ox — AflL^lpt'feot^ 4# 

izaisL^i^isy. j&isaiiso i ox-/\a>ii^£ 

[0 0 16] SOI Ox — /\££*«Lfc*&* Ox— /\ 
±|- 3B xy^>^J±Jf £ff2J&*T£o -03fi7f 

&<Dx^^>yffjhjfi*. aaftxy^>^ffjhii3&<i& 
[0017] ai^-e. 7>Ku;ns»*t4. t> k 

7>KUJH0lJ(i1 0nm-1 00nmtfel)c U 

[0 0 18] B2$#ffltS. H2lC(i. 

2 0 0&7jk£ tLTLN^o #aftS?8Sft2ffifl>Ox — /\9 2 



00(4. SO!»5i-A^bfiJS(DT\ SO I ff2 0 2 
<b*i#>ii^Kfl:if 2 0 4 £d;*_Tl^o SOII202 
±C:I4. gft!206, Iftl208, &*XfM1km 
1 0a<fi2J&£*iTlA6 e c*v&0)BI4x^^>^#jhJl 
tLTWSo IgfcJf 2 1 0±|CI4. 7>KWH2 

1 2*<»«$*irt>So 

[001 9] Hi \zm&o *0)Xfy?1 o 2-CI4. v 

14. i/'ja>aft«*itaLfc(D%aw**iRittx^^ 

£><fc?l3. fiOBx^<— 9-OJ53FI4. «*-f>— v 

[0020] H3S#»-r« D H3ICI4* v>KU;m 

2 1 2^^-->^LtlSX^-^2 1 4£fl2j£L 
£:fc£0)O x— /\§j$2 0 0A^$tltL^ D CCt't, 
liX^-tlt «a-f i?fttft*ffll^T. «*tL 

[0 0 2 1 ] B1 IZM* 0 #0DXt" ^ ^ 1 03 T*I4. a 

— y-a>«tt*»fc l-c#**i£ h9>s?x*©L#i*a 

1 o 3 iz^-dt. as?Lfc h^>^x*a>L#iMiisEE 
£ej6izma-*-*wfc*<-e#s 0 aa**— *0>*i4. 

£C<h7b<T?£&o fits BffiLfcaB*^— 1*a>«£ 

fc*u4. ff*©ta>tffli^*c4^'C#*. 

[0 0 2 2] »|CH4*#a-r«. U4ICI4. 7>KU 

;ui2 1 2<DBUiLfcaiiir»rt*4xfcaa(D«fix^— 

■9-2 14 J^t^x- /NfflJ 2 0 0(Dffi*fiaA^**tT 
U5 B ®jax^<— 9-2 1 4CD£-^£im^T. ~iy-h 
l^h7>vX^HO h7>vx$ • Trcr^r 
t5Ct*<t#5. 1 OOlZcfey. 37^- hUvX h 

2 1 5^itS • /^--^*LT, S^LfxffiiJilX^- 
-9-2 1 4£BS*1±5-*. »ycD«BX^— 9-2 1 4 
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- 1 4 0^l:^LTi@§^£>::<hA<pJfi£ 

[0 0 2 3] ^5$#B§-T^)o 0 5 Id*. SdiL 

tzfotCD^n— /\§P2 0 OCDtfe^H^^+lTl^^o - 

I*. fiilMx^-tf-^^^^L^^^Lfc h7>vA^(0 
T^^ill^y ^-x-r <Htf>&i^ h7>vX^ 

[002 4] :X\z^ h^>v?x^cD7^ J f -r £ i offit^ 

[0025] b-ikr*. ay o>7* huvxh^i 

L ZLOXTVZfl 0 4tlt fl'JM^^— 

#itJi£/*£ — ->^t4itttso I Jf 
>^Lt, so i«<&«fflLfcfflffilcy-h»fl:M£» 
j£f &o C*il*. 3!tt)#R I E (reactive ion etch:S 

i> 0 KIMtW*. «SWl:l*7 5 0-8OO B CCD 

^otUt\ cixfi. s o i ScdSHj LfcflyS^ 3 

-f-a>a«tt K-e>*fc LT®#g^i>c T-e»»-r* 

[0 0 2 6] B6*Mt4. H6fltt. so I 

If 2 0 2 — SOIl2 0 2(0l5i:y 

- h^bH2 1 6 £»SjaLfcfc£<D^x— /nSB2 0 0*< 

£4#>tfir>r ■ >f:*>fT*>i£*£?T£oTi«fc 

[0 0 2 7] Hi izM&o ZXDXTVZfl 0 6 "CI*. V 

nmummmx\z. -m?— h ■ h^vvx^i n 



>ja>2 1 8£itaLT¥S<bLfcO^0>'t7x-/\Sfl2 
0 Ojb<^$*lTl^o TT'5l?>AM::£:£>«fc 5 l^. 

«Jz»>2 1 8£JSl*T— HO?— h£Jfcj£LTl*£o 
[0 0 2 8] ^OXf 7^1 0 8T*I*. SotL^7> 

—9-. Suffix v*>y»Jtli. fc*t;y— h • #'J v 
U =3>|c«LrS«Mlc^> Ku;uBIcr I E^ltc 
<fci::cfcyfrfc5<&*<M£Ll\, 'J =j > • 

?-h&n±iztpmmtm£i&m'tz>o ztnt. tkuv 

jf2 1 2J^£L, SlbMx^>^#ihJf 2 1 0£g& 
£U y-h ■ tKUvU3.>2 1 8±lzJ»K<bJl2 2 0 
£J&j£Lfcfc£0>^x — /\gP2 0 O^TF^flTl^o 51 

#^ > K u;uBET<DSfl;JI 2 0 8 £iHbB 2 2 o lc*j 
Kib»2 o 6 tt So 

[0 0 2 9] *(D^T-^^1 1 0-CI4. StiiLf-S O I 
i^l7f>^t5o C*U*. RI E^ll^SOIl 

fi^f^'L a«>a^»<bfli±-c#it*-fr*ctiz 
•tym* 5 n*. ctuc^y so i Btf>/<£- 

LfcfldBlcy— hS<b«S»filt-r*o 

[0 0 3 0] Z<D7.^rvZf<Dmizt$l^Xij. Kv>vX 
c-rjt. cttl*. y- h»<bK(D»fiEWIwff«:3. so 

[003 1] S9$#^-rSo H9(Clt. SO I 12 0 
2 i^Lfefct©^!- /nSP2 0 0^^$tl 

tWo so 1 112 o 2<D?i?fSPi3\ ziy- h • h=7 

» S«*LTl^4. SdiUfrSO I Jf 2 0 2±f^l*. 
JSft«<b**:l*»«{*fll*WlCcfcoTy-l-»<ba2 2 1 
tftefiLZfrXl^o 
[0 0 3 2] IfSO I ^x— /N^ffiffl-T**^. 0tM<D 
(^SMIZliSOi/U 3>S®T1 0 0-2 0 0 n 
m) Ci^ofcffl f£ It U =l > - ^-O^X^^V^ 
Lfc^*>. »<bK(DJta/x^^>y • ^nizX$ffllv 

T>^Lfc^>< >CDE^0^4^CD 1 (DJl^CDvU a > 
H<ba*±Bl^*WSii-4. CCD^Ibffil*. n F E T 
CD^^IC{i7fCD>T*. pSF ETCDii^lZl^'J K— 
^-f£o K— /OhO— K— ^LfcK<bK0)r< 
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[0 0 3 3] so I 0>H$SJ&®KK£o B«jftt*lf4 

. L SOI f£D/^- ->^Hct-pT. h ■ h 

5>vX^<D7p*x-f *<llS*tl^o "SSI-* (TSI^S 

/h* < tt40>Sait4fc»^. —SSI-* T^^r-f Jf:$££j 
2. 5 nm*y»<t4^a*U\ -ffilC^- 

[0 0 3 4] *07f'^1 1 2t?(±. »2©y- hffi 
©y— httS^SSltfgftt^o ±i$LfcJ:5l^. 

*4£ffll*T2 0(Dy— h*»*LtU5. Lfc7b<oT. 

£ 0 P + a^us/ua^ ■ y— h&ntnw-miti*. n + 
^Tffg v'jn> • y— h±\z^tbmi&3:'£-etzmtm± 

»dt*M<b«^&**»2(DJiS»*^4o Hi 
OSMti. H10CI*. p + SK-^h -tKUv-U 
n>2 2 6£Jf« • W-mitLXmO?- h*^Lfc 

Lfc^KU •> , J3>2 2 6±!^»ja*K<bB2 2 8&1&f& 

[O O 3 5] «©Xf7^1 1 4t'lt th* 

■C, KISTf^U y U a CM P ^ffll^¥aitt 5o - 

#?14£j&5<k Lfcl*. Hi 1 ?#it 5. Hi 1 

\z\t. *2 1 4<D®#SP£Bfc£U T*#fc£ 

HlcSttTK 1 ; v'J3>23 0^3tiILfcfe<hCD^x— /\ 
SP2 0 O^StLtl^e *l*"e. Ell 2IZI4. aSSJ?K 
«Jv'j3>2 3 0i:RfiJfi8fcK2 20, 2 2 0JCM 



$*iTL^*Brlz»**i4Jltt*'J v "J ^ > 2 3 OCDft 

v'J =l>2 3 0£mi*Z>Zt\Z&V^ ^DtXOP- 
(DCD*>l5£lzfclNT\ p + i^ l Jv'Ja>-^-h^n 

+ stK'j v'j3> • y— htsiwi-r k • ? 

[0 0 3 6] gi§X^CDCCDB#<g|Zfcl^T. h^>^A 

fcl*4y-h<D»J*tf5S7"*-*« Hi 3$#Bg-r 

£ e Hi3lili. «5i-a9 2 o O0)tt*a«^SS* 

t$IC. h 7 ■ *"T-f 2 3 1 <D<gl*. h7>v^ 

£ • 7pT-f 2 3 3<7)«J: l J tittle Lfc^ot, h ^ > 
• Ttf^f 2 3 1 £ffil*T»Jit*-£> h5>>v>*$CD 
L#lMI«EI4* h5>5?« '#^ 2 3 3^1^ 

j&j$.-?$> h^>vx$coL#t^fiitti±^ y tB< 

[0 0 3 7] ^^1 O OlcM<5>o ^(DX^r^^l 1 6T* 

<7 $ y — h »*40 x v ^ > ^ CD M icfclt£x^> y Pfl 
<©/\— K^T^ICI*. 7t<-x^±lcK^)ScDx^^>^ 

[0 0 3 8] HI 4$#BS-f^ 0 01 ^ 

x-/\§P2 o oi^^^ttfcm-co h7>yX?A<IS 
a»BtLt*$*itl^ 0 n+Sy-h-^'Jy'J^ 
>2 1 8tp + 1^- h • tK'J ->'J =3 >2 2 6^b^E^> 
2O0>y— h^*fcl^T'#U : ^^b^^^>^^/^- 
^ 2 3 24*«StltL^. H5f#It 

Hi 5lcli, n-K7X^i:SLtl«ttOfc4i 
^f>y$ffll>t, n +gy-h.^ijyij 3 >2l8 
^ p + Sy— h ■ tK'J 3>2 2 6f/^-->^L 
ytSxtCD^x— /\gP2 O O^^JttTl^o CCD/^ — 

->yi4. ifta^nti 2 o 4 ci5 * -ey- k ■ ?K 
/\°^-- >yiCcfeor. K»fi£a)a<bttx^^>yff± 

J12 O 8t'SHJiltl^SO I Tfv^r^ 2 0 2 (0^ y A\t 

y— h • h5>y^^0)2O(Dy-hSISLt^5n 
+ 'J v U > 2 1 8 t p + U v U a > 2 2 6 CD 
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[0039] &&&mfci&mv\t* »abh F3fe**t7>s 

[0040] ^1 OO0*OXf7^1 1 8tlt h 

K-z^hcfcuty- h*aoTi=«ky»< Ayat?«k 
/\p— *T%a^i*. v— x/Ku-r y 

t*#£x*;u^— -c. fro:7-f >lc#LT«fcy«««f 

Mtff5? 0 nSFET 0}if§ *□„ V-X/KU 
-f>*T%&*M** tfft£ffil\ 1-1 5keV0I^ 
^— , 5 x 1 014-2 x 1 o15cm"30 K-Xt, 3? -< 
>lc*ff6^Jt 4 5° -8 0° -Cfr&lV /\D — fr*»a 

7pP>StttV 5-15keV(DlW- 1 
x 1 013^8 x 1 o13 C m*3cD K— Xfi. /\D-A<7-f 
>|:^LT20 C -4 5° ICfiS-^£<£ ^I^T&^c p} 
pSFETM^ V-Vh'l/OfT*) 
&*M4. 7^P>£{£lV 0. 5-3keVOX^;^ 
— . 5x1 o14-2x 1 0l5cm-3(7)K-Xi, ? -<> 
frft-f &£|Jt4 5 e -8 0° -CfrtPl^ nP- JT*>a^ 
I4> tm^ffilV 2 0-4 5keVOI*^-, ix 
1 0 13-8 x 1 013 C m-3co K— Xfi. AP- #37 -f > 
lc£f LT2 0° -45° l^tefi-f 5 Kfrfc^o 

7 0° -8 3° <Z>BBlcfc4&gA<fc£o 
[004 1] *Wf'V?1 2 01? I*, hS*I<t B 

o x±a>/\— Kvx^ £ *fiL^fc»*«k y t HtN 

**ai\ vsfcu fit, /\-K7x{?ty-n 

ftl^tttt*-C (ffi^l 0-5 Onm) Tt' 
W&AMCfcS cfc 51^ CCDX^^^I*. h7>vX?0 

y— hO^OfflUMx^— -y-^^p-bx^-esirfc 

/\- Kvx£lz»LT»iRMlcx^>y L?*»<b« 
2r>bj£6<D2><M£ Ll\, Hi 6?#itSo Hi 

e\z\t. H5>^x*o)y-h«tt*ffly«^TBS«# 
/\gp2 o o^5*iti^c zcomm.teit. mzf&nm 



itmfrhf$.&'\- K7« 2 3 2lC#LTg#?t££^f-f 
**filttx^^>y*fflt^T< ff*-S*a>6«a*Lt^ D 

[0 0 4 2] ;j0Xf«^1 2 2T*I4. y— h(D$j§lZ{H 
©X^-^£S2j£Lfc<D*>. R«ao>BS*i»*x^^> 

fc<&*>. ^fS3lSx^^>y^ft^5ci:lCcfeyfT^50 

#a*ui\, cowax'*— -y-i*. aftB-e»*-r*o> 

- K^X^ttttlr. ^FRlttx^^XfCDVX^ t LT 

[0 0 4 3] H i 7 $#B81"?)o U i 7 ic(4* a 

4fiiJS«P2 4 4J£l+£0>C Lfc^x-y\$fJ2 0 0#^$ 
tlTl^c /\— K^X<7 2 3 2, fiOfiX^— if 2 4 2. 

X - p>££ Kb^>- p>£<7 h 7b^ y — h£2S 

[0 0 4 4] *0Xf 2 41:14. V — X ■ P 

£ h t K U-f > ■ p <7 h ^Mf 4„ C*U4. 
St^oa«ira>*^ h*fW*A«-r4^tl=«tyff«: 
5©*<a*Ll*. P>$* h*t*4£LTI4. n + IvU 

p>fc£i//£fci4 P + ffi->y3>£ft«iatt»«*» 

*t6->Ua>^ >^fX-T->*4:a>»«tt*t»$a« 

MrzitaLfct,a>$si^wfcA<-e#So ( rAfccfci; 

/*fcl4Bj 14 rAfectl/B, A. -*fc(4Bj ^S^> 
-To ) v'J P>£ffll>'5>il'&lwl4. n^FETlc^fLT 

14 n + Sl^p^F ETIZ^Lri4p + sir-ttt-pttiiia 
Mi:K-^tSo p>^<7 K«*4I4. aft«3^6**/\ 
-K7W(D«J:y»<<j:4*T?i»Lfca)%, RI 
E fcckU/"^ fr!4CM P (chemical -mechanical polis 
h) l=*orafl:M**&J*5/\— K"7X^3b<K±irRtH 
t4*t¥Sftt4o *l^T*. Hi 8lc^-r e fc5l3. "7 

^{?$ffl^f)i-/NS/^-->ytS. CCD "7X^7 

14. V-X-a>$nttStK^>-3>$9htt 
*4(D^Bra<7)ffll»$x^^>^Li:. V— X£Kb>f> 

iz^ffl-r^o *ai=. ri E*fci*»u>a<tifaa)x 

KS»fiEt5c p> • h(Dii^lcl4. V 

— * ■ p>££ ht Ku>r > • p>^^ hco±izt#ji 

[0 0 4 5] JU±CDcfc5l3. 1 0 OlZ^ttlS. 

-f<D«S«<f-h*±yti^ota< LfcS*. -x/W 

— h • h5>vX^O^ii^;43b<f»e>ti*o $^(^. ^ 
S1 OOflcfctL.14. X«>r— KZ)-*Snffl(CttiIWlC 
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fcnfilzK— Vkl5<D7- K^pSIc K-^-f -5 
$*t-5„ g&K. 0 0I-J:;h.l4. *i*fcL#LMi 

t$*&*y-fji£(D-my-h • h7>vx^^Mt 
iaifa«i=-r*cttt<. «**L*uMit«EE 

o 

[0 0 4 6] ?fc|C, 01 9 5#it5 t 01 9ICI4. SIJ 

j£3 0 0lc(4, h7>vXji(Dff-f?Igt4©l:ffl 

i^filMx^—- y-rosfi*<fi^KT?st; £ -5 m y fc 

-So £1^50)14. ;S;£3 00TI4. -ttefflgX"*— 9"I4 
R I E (reactive ion etching: SfStS 1 -!' • 
>y) IziSLA^&^ti'tCl^e.-Cfc?). LfcA^ 

xf -^3 0ifli. m**«U 

1 O orox^'^^l 0 1 <tP*«lc, x-;/^>yffuLJf £: 

^> KlWUJf £»2J£-f -So Xf7^3 0 2f> 

Ki/;H*/^- ->yu x^^>-7*^±M^it 
g|cx->^>^-ri.o c*U4. xv?>y#jtJI&/<9 

SflTl^fcLV £l^.£T*^j£l 0 0£M&£>. 3fcl=, 
I2 0?#lf.& ( 0 2OIZI4. x-v^V-yffitfli:-?- 
> h*UiUJS£fl*J«U -?> F Is JUmtn 
$W.1&l-l-yTls<fLtz3>t<D'53L—/\&Z 0 0A<*$ 

[0 0 4 7] *©^f'y^3 0 4fii. ?i#-7>Ku;u 

M^^X-^tLTSO I x>£*U SOU 

©Btii«flDl=y— KBfl;K*»J*-rft. C*il4. RIE 
$iSLf=(D*>. a^WI-(i7 5 0° C~8 0 0° CX'CO 

(high-k) ««©CVDlt«l=J:y(Tft5. 

•& so i ■©Bffi«ffi+^©»*>-f *>fT%a*.fr 

X$fl)!l?f^I«ll: K— 3 l=«*W*. TT- 

[0 0 4 8] 112 1 12 1 KI4. S 

Oll2 0 2^/^-->'?'L, SOI12 0 20)I1 



iry— hgfl:K2 1 6 ^^fiELfcfcirCD^i— /\S8 2 o 

[0 0 4 9] 01 9ICS§ e $©Xf«;?3 O 6T?I±. 

»a*38»»0"ci*. -ay— h- i*5>5?x*i±. n 

SSy-h3fftlc#jiM-5. B2 2$#Iti. 0 

2 21=1*. n + I^'JvUa>2 1 8$SS$tT¥S 

H$£»1gT*l4. C©n + i*'Jv'j3^2 1 8^1L 
[0 0 5 0] *(DXf7^3 O 8T-I4. ^LTCSv 

*£3W>S*©T?fc<&. *IC B2 3«#««. 02 
31-14. 7>KWH2 12S»SL. *iy— h*t« 
ODfflSl-flaS^.^— 9-3 0 2^fS.Ltz(0-tb(0^nL—/\ 
SP 2 O 2A<iF£;h.-CL<>£« > 
[005 1] 01 9lcM3„ O 9-CI4, 

SEI4. ■ *f < fflittti:*»t«. 

4-fes-c. i sosaxsTFR^iTpy-fW. Lfc*<7t 

x ? ? > ? S&Btmft L T . SU L fefltt* -»£ I* 

y -e fc^i4«E<75 «■ Sffl-r i> c t y r- # i> o 

[0 0 5 2] *IC. 0 2 4 £#BBf-i)o 02 4iri4, y 
-htt$4 2 1 8©BffiLfcflll=«R©fflttX'<--9'2 1 

4 $fi0iaL,fc$)<!:(7)^x-/\a52 0 0 a>St*«*a< ^ 4 
4^TL^^ t , §fflgX'<-^2 1 414. rl7- 

5 h^>vX^fflCD h^^-^X^ • Tf-Cy-f ^li^-r^(D 
l-ffll>-5^£l-ft-5o SS300j;St. 7thUvX 
K2 1 5©M*Jt»$-B-fc©*»/^-x>yLra«?L 
fcfi9SX^— 9-2 1 4£gtii£-fe!\ ffiOfflMX^- 9-14 
7t hl/v^l-2 1 5t-Iofcf fi:L-Cfc<„ ZtliZ 
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[0 0 5 3] #Z\Z. S2 5?#It§ 6 g!2 5ir[i. B 
ffi 1 4£5§^&xy3 1 >'5'~£JBl , *T 

[0 0 5 4] fife 3 0 0[Z.m&o ^T. 1O(0h7>v 
X£ ■ 7f^^(0^mi^Xm i )<D^y^3 10-32 
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